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Abstract

One hundred eleven samples of blood, tissue, hair, and other types of specimens were studied,
characterized and hypothesized to be obtained from elusive hominins in North America
commonly referred to as Sasquatch. DNA was extracted and purified from a subset of these
samples that survived rigorous screening for wildlife species identification. Mitochondrial DNA
(mtDNA) sequencing, specific genetic loci sequencing, forensic short tandem repeat (STR)
testing, whole genome single nucleotide polymorphism (SNP) bead array analysis, and next
generation whole genome sequencing were conducted on purported Sasquatch DNA samples
gathered from various locations in North America. Additionally, histopathologic and electron
microscopic examination were performed on a large tissue sample.

The mtDNA whole genome haplotypes obtained were uniformly consistent with modern
humans. Of the 20 whole and 10 partial mitochondrial genomes sequenced, 16 diverse
haplotypes were found suggesting that these hominins did not originate in a single geographic
location.

In contrast, consistent, reproducible, novel data were obtained when nuclear DNA was amplified
utilizing various platforms. Nuclear DNA obtained from Sasquatch samples produced novel
SNPs, off ladder alleles on human STRs, retained human sequence interspersed with novel
sequence, and whole genome SNPs that fell outside the human threshold. Three of the Sasquatch
samples were subjected to next generation whole genome sequencing, each of which
independently yielded high quality complete genomes.

Analysis of preliminary phylogeny trees derived from supercontigs generated from all three
samples showed homology to human chromosome 11 reference sequence hg 19, and to primate
sequences. The totality of the DNA evidence suggests the Sasquatch nuclear DNA is a mosaic
comprising human DNA interspersed with sequence that is novel but primate in origin.

In summary, our data indicates that the Sasquatch has human mitochondrial DNA but possesses
nuclear DNA that is a structural mosaic consisting of human and novel non-human DNA.
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Introduction

Eyewitness reports of encounters with tall, hairy hominins commonly called Sasquatch have
been recorded for thousands of years; from Sumerian stories of wild hairy men (Figure 1) to
reports1 gn North America recorded in the early 1800s by Reverend Elkanah Walker and Daniel
Boone™™.

Figure 1 Sasquatch recorded through history in art. (A) A French illustration circa 1100
from Roman d’Alexandre (B) Phoenician plate circa 700 BC showing a Wildman attacking
(C) Tapestry in a museum in Saint-Jean-Les-Saverne.

One North American investigative group has publicly stated that they have documented 30,000
reports of sightings and other evidence for the existence of these creatures. These putative
hominins are reported to walk bipedally in a linear manner that is distinct from humans (Figure
2).

© Dr. Melba S. Ketchum, all rights reserved, 2012.



Figure 2 Linear trackway.

Eyewitnesses report that the Sasquatch are 8 to 12 feet in height, are covered in hair with arms
longer than those of modern humans and possess sloped anterior craniums with short, thick
cervical regions reminiscent of Neanderthals. Eyewitness accounts also describe an opposable
thumb with hands and feet that are large in comparison to body size.

The above commonly reported traits, as well as other scientific evidence lending credence to the
existence of Sasquatch, have been thoroughly researched and documented in both books and in
peer reviewed manuscripts.*™* Although there have been thousands of sightings, footprint casts
and other circumstantial evidence of Sasquatch across the modern world for centuries,
incontrovertible proof of their existence has been elusive. The failure to present a deceased
individual or skeletal remains has exacerbated scientific skepticism towards the circumstantial
evidence.

There are reports from witnesses who allegedly live in close proximity to, and interact with,
Sasquatch family units'*; however, in the absence of additional evidence, most of these reports
have been dismissed. These witnesses and other eyewitnesses further report that the Sasquatch
also build stick structures in the forests, some of which are thought to be shelters while others
have unknown meanings. Notably, some of the samples in the present study were submitted by
individuals claiming to have obtained them from the Sasquatch with which they have had long
term interaction. Sample 168 in this study was retrieved from a stick shelter as seen in Figure 3.

© Dr. Melba S. Ketchum, all rights reserved, 2012.
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Figure 3 (A) Stick shelter with hair trap (B) Hair trap on cente
Sample 168 stuck to the glue of the hair trap prior to collection.

up of hair

DNA analysis of hair and tissue samples, modern video image capture and audio recording
technology, morphological examination of hair and tissue could cumulatively strengthen support
for the existence of these unknown hominins. Some photographic evidence also exists such as
Figure 4 is a reddish brown Sasquatch sleeping in the forest and is Sample 37 in the study.
Video of the same Sasquatch is seen in Supplementary Movie 1 where her respirations are
counted at only 6 per minute.

© Dr. Melba S. Ketchum, all rights reserved, 2012.
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Flgure 4 Reddlsh brown Sasquatch Juvenlle sleeping in the forest, Sample 37.

During the present five year study, approximately one hundred and thirteen separate samples of
hair, blood, mucus, toenail, bark scrapings, saliva and skin with hair and subcutaneous tissue
attached were submitted by dozens of individuals and groups from thirty four separate hominin
collection sites around North America (Table 1).

Here we report the morphological and histopathologic examination, whole mitochondrial and
nuclear DNA sequencing and analysis, and electron microscopic studies of DNA extracted from
fresh hominin tissue.

Overall the data are suggestive of an unusual contemporary hominin with mitochondrial DNA
consistent with modern humans but showing marked anomalies in the nuclear DNA. These
findings suggest the existence of a novel contemporary indigenous North American hominin.
Materials and Methods

The materials and methods are found as Supplementary Data, Materials and Methods S1 in the
Supporting Information due to the length of the manuscript.

© Dr. Melba S. Ketchum, all rights reserved, 2012.



Supplementary Sequence Information

The raw sequence data utilized in this manuscript from the Sasquatch samples has been provided
in the Supplementary Data S3, S4, S5 and S6 in FASTA format. These files were added as
supplemental because the sequences were not able to be uploaded to a GenBank® because of
their lack of taxon according to GenBank personnel.

Examination of Novel Hair Samples

A wide variety of hair shaft profiles were observed using stereomicroscopy and light microscopy
(Figure 5) with most exhibiting a stiff, wiry texture and wavy, curved appearance with rounded
tapered tips, consistent with aged hairs that had not been cut. The full length of the hairs was
approximately 15 cm (Figure 5A) and diameters ranged from 80 to 110 um. (Human head hairs
typically range from 55 to 100 pm in diameter) *>*°.

© Dr. Melba S. Ketchum, all rights reserved, 2012.
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Figure 5 Results from microscopic hair examination. (A) Gross morphology and length
(Sample 33). (B) Light microscopy showing medulla and internal hair structure: Left-
Unknown hair (Sample 26) from unknown species, Right- human hair, both at 400X with a
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camera digital zoom factor of 5.7. (C) Left- Hair with spade shaped root, (Sample 18),;
Right, (Sample 26), Imbricate Cuticle.

The medulla and root were found to be the two most discriminating characteristics of the
microscopic examination. Most of the novel hairs had medullary structures and diameter ratios
that were clearly distinct from human hairs. Even though a variety of medullary structures were
observed, the micrographs in Figure 5B depict those most commonly encountered. Most of the
novel hairs had elongated roots with a somewhat “spade” shape, which is a feature of some
animal hairs but is typically not seen in human hairs (Figure 5C, left). Human hairs exhibit
characteristic uniform imbricate scale patterns of the cuticle. Several different cuticle patterns
were observed on the submitted samples. The hairs exhibited wide imbricate scale patterns
proximally that transformed to close imbricate patterns distally. These patterns are distinctly
non-human in appearance (Figure 5C, right). Most of the submitted hairs were not
microscopically consistent with any of the hairs from the reference collection of common animal
hairs that included human, cat, dog, cow, horse, deer, elk, antelope, moose, sheep, fox, bear,
coyote, wolf, rat, mouse, monkey, beaver, squirrel, llama and others.

The hairs were evaluated for DNA testing by observing the presence or absence of hair roots and
adherent tissue material. Hairs with apparent translucent tissue material and/or anagen or catagen
phase roots were considered as suitable candidates for nuclear DNA (nuDNA) testing. Hairs with
telogen phase roots without tissue or hairs lacking roots or tissue were considered suitable for
mitochondrial DNA (mtDNA) testing. Hairs that exhibited non-human microscopic
characteristics and that did not match any known animal species were recommended for DNA
testing.

Collection and Classification of Hominin Samples

DNA Diagnostics of Nacogdoches, Texas, received samples of hair, toenail, tissue, blood,
mucus, scratched tree bark and saliva claimed by submitters to be from an unknown and
previously undescribed hominin. The samples were collected from research and sighting
locations in 14 states and two Canadian provinces. They were treated as forensic samples and
catalogued to maintain an appropriate chain of custody. Table 1 and Figure 6 summarize the
locations, the sample collectors and their methodology.

© Dr. Melba S. Ketchum, all rights reserved, 2012.



Canada

Alberta

Manitoba
British
Columt Saskatchewan
e '
Edmonton
Calgan Ontario Quebec
v
T W N
W ry North S
o o Montana Dakota ™
Minnesota
v Ottawa Montrea
go‘ylh Wisconsin ¥ B M
akota Toronto —
Oregon Michigan chCL
Idaho Wyoming ) New York |
Ch cago /

lowa

Nebraska Pe ~

11 - rnnsylvania \

Nevada United States ""1"‘ New York ]
Utah Colorado West Y&

Kansas Missouri erqmn \ \ Conn

California Virginia \ Nev
.. o [, ll' A
Angeles . Maryland
Arizona New - South Y
B Mexico o S51pp Carolina Dis ‘”C' of
S ?\ > oenix I\I- Columbia
an Diego
o 2 Texas - Georgia
Louisiana
0 Jackso '1 lie
San “  Houston
Gulf of Antonio
\a'/",",o,,: - Florida

Gulf of

Mexico

Figure 6 Geographic locations where samples were collected.

Samples were subjected to a preliminary screen by utilizing eyewitness interview information,
visual and histological examination, and DNA testing. Those samples that failed to present
novel visual structure or that matched a documented species were removed from the study.

Prevention of DNA Contamination by Forensic Methodologies

Throughout this project exhaustive precautions were taken to minimize or eliminate
contamination. The samples submitted in this study were either dried or fresh without
degradation. The DNA was extracted in a clean room using forensic science procedures that
minimized contaminant DNA in the samples while maximizing DNA recovery. Samples were
also split and DNA was isolated in two separate laboratories to ensure that sample integrity was
maintained.

To further prevent contamination, hair samples were thoroughly vortexed using ethyl alcohol and
double distilled DNAse free water in order to wash away any DNA not associated with the
sample. The samples were extracted in small batches, prior to any handling of control DNA. The
human control DNA was extracted in a separate location specifically utilized for the extraction of
high yield DNA samples. Blank extraction controls were tested along with the hominin samples
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to assure that there was no contamination during the extraction. Half of the samples were
extracted robotically thus minimizing handling by laboratory personnel. All specimens were
subjected to testing designed to show a secondary contributor should any contamination occur.
One evidentiary specimen (purported dried urine) did yield a mixed profile and was removed
from the study.

Control DNA was obtained from the majority of the submitters and was profiled using Promega
PowerPlex® 16 %°. All submitters tested yielded complete profiles. In contrast, when the hominin
samples were tested using Promega PowerPlex® 16, partial profiles were evident in almost all
cases. Though not all samples were accompanied by DNA from the submitter, these data showed
that those samples that were provided were not contaminated by their submitters since the
submitters’ profiles excluded as being a contributor to the hominin profiles/partial profiles.
Additionally, the hominin profiles/partial profiles did not have any extra STR alleles that would
indicate a secondary contributor or contamination by a second individual.

If two or more profiles were present in a sample during mtDNA sequencing around mutation
loci, superimposition of the bases will yield an appearance similar to heteroplasmy. In a
contaminated sequence, a larger than expected number of heteroplasmic appearing bases would
be seen. No heteroplasmy was observed in the mitochondrial sequencing. This further supports
the fact that none of the samples utilized in this study were contaminated.

Determination of DNA Quality

Throughout this study, close monitoring of DNA quality and yields was necessary to determine
if any PCR failures could be attributed to DNA degradation. Therefore, we utilized a laboratory
that routinely extracted DNA from animal hair and hair root tags. In the experience of this
laboratory, hair samples constitute a very reliable source of DNA. Almost all large animal breed
registries utilize plucked hair samples as their primary source of DNA for their parentage testing
programs. One horse registry alone processes over 100,000 hair samples per year. These hair
samples are archived and are viable for many years after they are submitted. Therefore the
hominin samples were well within our expectations as far as nuclear DNA yield and quality.
Only samples with verified follicular material were extracted. After extraction, yield gels with 3
pL of the extracted DNA were utilized to determine if there was DNA present and whether it
was degraded (Figure 7). Hairs without tissue or root material did not yield DNA in this study.

11
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Figure 7 Yield gel for QC and quantification of extracted samples.

A small sample of skin with underlying structures from Sample 26 was submitted to the Texas
Veterinary Medical Diagnostic Laboratory at Texas A&M University for the purpose of
evaluating the sample for degradation and structure. Subsequently, the slides generated from this
examination were submitted to Huguley Pathology Consultants for further evaluation. A
detailed report of the histopathologic findings was generated from the second examination. The
report confirmed the Texas A&M findings and revealed that there was little degradation
observed and that the structures in the sample were visible and could be reviewed. There was no
pathology present in sample 26, however the histology was deemed inconsistent with human
skin. Examination revealed lesser numbers of eccrine glands and even sebaceous
gland/pilosebaceous gland units than normally seen in human skin. Abnormalities such as
abortive hair shafts and various alopecias were detected and hair follicle addition or extra
follicles, clustered and deeper in the dermal region were noted. The clustering of follicles at a
deeper level in the dermis than where most skin appendages usually occur was unusual and not
generally associated with hair follicle loss as is seen with alopecia. (Figure 8, Supplementary
Data 1)

12
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Figure 8 Histopathology slide of Sample 26.

Importantly, histological examination of the skin and tissue sample 26 confirmed that the cells
were intact with few bacteria. The absence of contamination or degradation indicates that DNA
extracted from this tissue was more than adequate for subsequent DNA sequencing.

Screening of the Hominin DNA Samples

Since the amount of hair available in the samples was finite, we opted to begin this project by
screening tissue samples that had larger quantities of DNA. Universal mitochondrial DNA
cytochrome b primers for species determination as well as universal mammalian primers
designed for species identification in the hypervariable region 1 were utilized®?. All 111
screened samples revealed 100% human cytochrome b and hypervariable region 1 sequences
with no heteroplasmic bases that would indicate contamination or a mixture. These samples were
then sent out to another laboratory for mitochondrial whole genome sequencing.

13
© Dr. Melba S. Ketchum, all rights reserved, 2012.



The hominin samples were also amplified using Promega PowerPlex® 16, a nuclear STR DNA
multiplex platform that is specific for humans and higher primates. The submitters and the blank
extraction controls were amplified to determine the presence of non-human DNA and to obtain a
profile to compare with hominin DNA samples. PowerPlex® 16 amplification of the hominin
samples yielded only partial profiles with off-ladder alleles while amplification of DNA from the
submitters yielded complete profiles and the control blank indicated no amplification (Figure 9).

The preliminary screening, therefore, established that Sasquatch samples were not contaminated
with submitters DNA and that Sasquatch samples comprised some human mitochondrial DNA
but with nuclear DNA anomalies. Once it was established that the Sasquatch nuclear DNA did
not conform to human DNA, the remaining samples were extracted.

Testing and Results
Mitochondrial complete genome and HV region sequencing results:

It was decided to sequence the entire mitochondrial genome from those hair samples with
relatively greater yields of DNA and to sequence HV1 from those samples that yielded low
quantities of DNA. The samples were sent to Family Tree DNA after initial screening for HV1
and cytochrome b at DNA Diagnostics The source of the samples was withheld from Family
Tree DNA.

DNA samples were successfully amplified and sequenced across the whole mitochondrial
genome and the HV1 locus using both human specific and universal primers. The sequences that
were subjected to BLAST searches in GenBank®? showed consistent homology with human
haplotypes. No mitochondrial DNA homology with apes, Neanderthal or Denisova cave
sequences were found®®. Mitochondrial DNA testing results are shown in Table 2 and
sequences in Supplementary Data 2.

Table 2—L.ist of Mitochondrial DNA Haplotypes

Sample Haplotype
Number

26 H1a, one novel SNP
1,2,12,36,|T2b

28 H1

35 H10

29, 44, 46, |H2a2

138

39b,41, 42, | T2

14
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Sample Haplotype

Number

43

37 H12

11 A6L2c

31 LOd2a

38 V2

24 H1s

4,37 H3

33.95 H

140,168 D

81 C

71,117,118 | L3d

8, 139, 18* | HV2 (human specific) only
46-137 Partial HV1 (human specific) screened only

All 16 haplotypes from 20 completed whole mitochondrial sequences and 10 partial
mitochondrial genomes have indicated 100% homology with human mitochondrial sequences
without any significant deviation. Of the 16 haplotypes, most were European or Middle Eastern
in origin. African and American Indian haplotypes were also observed. Those samples that did
not give enough viable sequence to obtain a complete genome usually yielded sufficient data to
delineate a haplotype from the mitochondrial hypervariable region or at least a human HV2
sequence. With the wide variety of haplotypes in the study and especially with the majority of
the haplotypes being European or Middle Eastern in origin, migration into North America by
these hominins may have occurred previous to the migration across the Bering land bridge. This
previous migration is supported by the Solutrean Theory*2. Three phylogenetic trees were
subsequently constructed using the mitochondrial sequences obtained from samples 26, 31, and
140 using sequences generated at Family Tree DNA (Supplementary Figures 1, 2, 3). The trees
were consistent with human mitochondrial sequences in Genbank®. Given the mitochondrial
DNA results across all samples, nuclear genome testing was undertaken in order to address
paternal origins of the DNA samples.

Nuclear DNA Analysis:

Amelogenin:

Both DNA genotyping and sequencing technologies were used in the testing of the amelogenin
gene. The genotyping of the amelogenin locus produced the most consistent results across the
samples tested. The DNA samples yielded four types of results: XX, XY, Y and null. The dropout
of the X amplicon was the most significant of the findings observed with the STR genotype
analysis of amelogenin. (Figure 9, Table 3) This dropout was reproduced in several individual
samples and was repeatable both in the multiplex of PowerPlex® 16 and the analysis of the STR
locus, so it is unlikely to be an experimental artifact due to low quantity or degraded DNA (Table
3). Y peak height as measured in the electropherograms further supported that there was more
than adequate DNA present and that allelic dropout should not have occurred. The repeatability

15
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and number of samples exhibiting the X dropout is inconsistent with what would be expected
with normal human allele dropout®“®. It is noteworthy that Amel” allele dropout occurs in
significant numbers of the unknown samples yet seldom occurs in normal human testing.

WA ] DESIITY | [[POX | [FGA

50 150 250 350

2400
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1600
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40 x
0 ) J
v 11 27
109.70 230.93F 366.00

Amel* Dropout Locus Dropout Locus Dropout Off-ladder Allele (FGA32?)

Figure 9 PowerPlex® 16 electropherogram (yellow channel) showing Amel * dropout,
locus dropout, and unusual allele variants.

Table 3. Amelogenin STR results

Sample Numbers Amelogenin Results
3,7,8,10, 11, 12, 17, 26, 27, 28, 35 XY

2,37,21 XX

4,9, 22,23, 34, 36, 38 Y

1,5, 6% 13, 14, 15, 19, 24, 29, 30, 33, 130 @/Failed

* @, other PowerPlex® 16 markers amplified

Sequencing exons of the amelogenin gene also gave novel results. Some of the samples indicated
a normal human Amel”, yet others failed completely to amplify. Further, when the Amel" locus
was sequenced across Exons 1, 2, 4/5 and 8, varied results were obtained, with no samples
successfully amplifying and sequencing across all five exons (except the human controls). The
resulting sequences ranged from totally non homologous matches, not found in Genbank™ after
numerous BLASTS (including dissimilar sequence BLASTS) to novel SNPs and even failure to
sequence (Table 4). These findings were consistent at other loci tested. The documented
anomalies came from DNA samples that yielded long sequences with pristine electropherograms
at other loci including at least one Amel” exon. Notably, this indicated that the DNA was of high
quality and that degraded DNA was not responsible for the anomalies.
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Table 4. Amelogenin Sequencing Results

Amelogenin Exons

Sample Number | Amel* | 1 2 3t 4/5 8
87,95 H * * * * *
26 * * UNK * H H
27,130,36,3%, | . |. ; . . .
42,43, 89, 103
28, 83 * * H * H *
AGAATATGAGACA
33 H * H * H GGAACTGA mutated
to A/IG
35, 38, 49 * = H * H H
TTTCAGAACCA AAATGTTTTAC
44 * * ITCAAGAAATG * ICTTCTTCTTT H
mutated to A/G mutated to T/T
54 * * UNK * H H
71 * * H H H H
72 * * * * H-27 variations *
85 * * H * * UNK
88, 91, 106 * * * * H *
90 H * * * * UNK
94, 98 * * * * * UNK
96 * * UNK * * H
100 UNK | * UNK* * * UNK
106 UNK | * * * * *
109 * * UNK * * UNK
114 * * UNK * * *
117 H * UNK* * * *
99 * * |H-Chromosome 13°| * H
122 H * |H-Chromosome 13°| * H *
Cont-12 H * * * * *
Cont-23 H H H H H H

H= Sequence consistent with Homo sapiens sapiens
UNK BLAST vyielded no matches

* PCR or sequencing failed
' Includes PowerPlex® 16 Y-specific

© Dr. Melba S. Ketchum, all rights reserved, 2012.
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Amp. Control-1 human female
Amp. Control-2 human male
100, 117 align at Exon 2

99, 122 align at Exon 2

17




Promega PowerPlex® 16

The data utilizing Promega PowerPlex® 16 amplification of the amelogenin gene is reported
separately in this manuscript. All samples that yielded results for PowerPlex® 16 gave only
partial profiles with random dropout of alleles, off ladder alleles and/or allele frequencies for
some markers inconsistent with those found in the human population (Table 5).

None of the data from PowerPlex®16 analysis in this study showed mixed profiles. DNA from
the submitters and laboratory personnel were also amplified with PowerPlex® 16 or already had
their PowerPlex® 16 profile on file. All submitters, laboratory personnel and human control
DNAs showed complete profiles and were excluded as contributors to the profiles generated
from the unknown samples. This, coupled with the lack of mixtures, novel profiles and failures
with PowerPlex® 16 further eliminated the possibility of human contamination of the unknown
samples.

Melanocortin 1 Receptor Gene (MC1R)

The MC1R gene on Chromosome 16 was targeted since hundreds of anecdotal eyewitness
reports over the years have described bipedal hominins displaying red hair or having a reddish
highlight to black, brown or blonde outer coat coloring*™°. Samples 28, 33, 35 and 37 had
sufficient DNA extracted and were chosen for MC1R locus sequencing. The primers used in the
sequencing of MC1R were designed by DNA Diagnostics and additional primers by SeqWright
to correspond with great apes, humans and Neanderthals. Upon sequencing, it was found that the
samples indicated normal human MC1R sequence and carried alleles for red hair color in
humans. Sample 28 and 37 presented a C/T at base 478 of the MC1R control region and Sample
35 exhibited G/C at base 880. (Table 6)

Samples 28, 35 and others were then sent to SeqWright to have the sequences confirmed with the
design of new MCL1R primers. As with other loci analyzed, MC1R analysis at SeqWright found
partial human sequences in some DNA samples, while others had novel sequences and still
others failed to amplify. All human control DNA amplified and sequenced successfully as
before.

Myosin 16 Heavy Chain (MYH16):

Human and ape specific primers were designed by DNA Diagnostics and SeqWright respectively
for the MYH16 gene on Chromosome 7. This gene is associated with the sagittal crest in apes and
was analyzed in an effort to determine if the unknown hominin was related to apes.
Interestingly, all DNA samples that successfully amplified yielded results consistent with human
and aligned with the human reference sequence, including a 2 base deletion at bases 36334-5 **
% SeqWright also reported human MYH16, Exon 18 sequences on the small number of samples.

Antigen peptide transporter 1(TAP1):

TAP1 is a gene that has been associated with breast cancer, diabetes and several other syndromes
including ankylosing spondylitis °®®. The TAP1 SNP, rs9276811, along with its flanking

18
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sequences, were selected for sequencing when preliminary analysis of the Sasquatch samples
failed to identify rs9276811 while uniformly identifying it in human controls.

Of the unknown samples, there were those that showed human TAP 1 sequences, and those that
failed even though all of the human controls sequenced. Novel SNPs were found and some
amplifications with TAP 1 primers yielded long sequence of unknown origin. Two sets of 2
questioned samples had long unknown sequences that failed to BLAST even in a dissimilar
BLAST search in Genbank®, but aligned with each other (Table 7). Two of these samples,
samples 33 and 44, aligned with one another although there were some SNPs that were
inconsistent between the two sequences. These two samples were different in hair color and
obviously were from different individuals and were retrieved at different times. Samples 33 and
44 were collected from the same general area and the donors are thought to be related. Samples
10 and 43 also aligned, each having different unknown TAP 1 sequence from samples 33 and 44.
Though sample 43 came from the same general area as 33 and 44, sample 10 came from a
different location in Washington State.

Table 7. Alignment of several related samples

# | Sample Description Gender | Amelogenin Exon 3 mtDNA Haplotype | TAP 1

33 | WA hairs multicolored | male Failed H HV1 only Unknown, aligns with 44
43 | WA hairs brown/white | male Unknown, aligns with 44 | T2 Unknown, aligns with 10
44 | WA hairs chocolate male Unknown, aligns with 43 | H2a2 Unknown, aligns with 33
10 | WA hairs blonde male Failed HV2 only Unknown, aligns with 43

In light of some of the findings being consistent with modern human DNA sequences, the rest of
the unknown samples were extracted and submitted for whole genome SNP Bead Array
Analysis.

Whole Human Genome SNP analysis:

Twenty-four samples were tested on the whole human genome (2.5 million SNPs) Illumina®
Bead Array® platform using the 1llumina® iSCAN instrument. Of these, in a clear departure from
the results obtained with normal human DNA, 100% of the 24 samples failed to meet the human
threshold of 95% SNP performance. The results ranged from 53% to 89% SNP performance. In
the top 12 performing samples, only 45 SNPs out of the 2.5 million SNPs tested failed across all
12 samples, while simultaneously the human controls all yielded above 95% results on those
SNPs.

In an effort to mimic severely degraded DNA that could explain the low SNP matches obtained,
one of the human controls submitted along with the unknown hominin samples comprised non
sterile blood that was purposely maintained at room temperature in a moist environment for 4
days in an effort to maximize degradation of the sample. Upon visual inspection, hemolysis of
the sample had occurred and bacterial contamination, which often correlates with DNA
degradation, was seen. An acrylamide gel was loaded with the degraded human sample to assess
the degradation and was visualized with ethidium bromide. Smearing was observed (Figure 10).

19
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Figure 10 Yield gel utilized to QC candidate samples for next generation whole genome
sequencing. Note: Degraded human control that was pictured in Figure 15 C EM.

Since ethidium bromide stained gel separation of the DNA obtained from the evidence samples
showed no evidence of DNA degradation, in most cases, the contaminated, hemolyzed, degraded
blood sample comprised a standard by which the unknown DNA obtained under more controlled
conditions could be evaluated. The DNA extracted from the degraded human control blood
sample tested 97.15%, SNP performance, well above all of the unknown hominin samples.

In order to further address the possibility that normal human DNA samples could produce such
markedly low SNP performance in the lllumina® Bead Array assay, a separate group of human
DNA controls was tested. These samples were extracted from buccal swabs obtained from
sample handlers and laboratory workers and were also subjected to identical Illumina® Bead
Array testing. These human control DNA samples yielded SNP performance above the 99%
range. These data are summarized in Table 8.

20
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Table 8. Percentage of successful SNPs using 2.5M human Bead Array testing

Sample Number Percentage of SNPs successfully analyzed
26 89.24
34 88.49
35 83.46
33 67.18
39%b 66.21
38 64.21
24 62.77
3 62.25
1 61.21
6 60.83
132 60.38
23 59.22
C-19 97.15*
C248 99.63

*Control purposely degraded.

All of the above results eliminated the possibility of random operator error or faulty reagents
during this procedure. Hence, the data obtained from the Illumina® Bead Array testing of the
unknown samples can be considered highly unusual and not consistent with human.

The failures across all 2.5 million SNPs tested in the Illumina® Bead Array when compared with
the human threshold designated above 95% SNP detection, even in severely degraded human
DNA samples, suggests sequence variation from human in the actual DNA obtained from the
unknown hominin samples.

Potential DNA Sequence Anomalies:

The DNA was amplified across loci such as MC1R, TAP1 and Amelogenin and examined
following separation via DNA agarose electrophoresis on yield gels. There were four outcomes
to the testing across the examined samples (Figure 11). All human control samples were
successfully amplified on all loci tested. In contrast, there were unusual PCR amplification
findings from DNA obtained from the unknown samples. Some of the samples appeared to
produce normal amplicons that resulted in bands consistent with the human controls. Other
samples displayed clear bands that appeared to be of different sizes than those expected of
normal human amplicons. Yet others had more than one band. Still other samples failed to
amplify at all. Notably, since all human control samples, especially those obtained from severely
degraded samples, behaved normally during the PCR analysis, operator and reagent error as well
as sample contamination can be eliminated as explanations for the unusual PCR/electrophoresis
migration anomalies found in the DNA from the unknown hominin samples.
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Figure 11 Agarose gel of MC1R locus showing unusual migrations of amplicons.

When the amplicons from various loci were visualized on agarose yield electrophoresis gels, the
bands did not migrate consistently, but migrated at varying rates across the samples. Sequencing
was attempted on samples that appeared to migrate differently on DNA agarose gels compared
with human control samples. Some sequences produced no homology matches when BLAST
searched against all primate, human, Neanderthal, Denisova, and other sequences in Genbank®.
Since the DNA extracted from the hair and tissue purportedly obtained from a variety of unusual
hominins displayed novel attributes as measured by several analysis techniques, it was decided to
utilize electron microscopy to examine the structural properties of the DNA.

Electron Microscopy:

Electron microscopic characterization is considered superior to biochemical techniques when it
comes to an accurate topographical analysis of single- and double-stranded DNA such as contour
length/width, twisting, backfolding, nucleic acid-protein interactions, DNA-RNA heteroduplex
analysis, R-loop mapping, degradation, replication, or packaging into higher order complexes.
Extracted DNA from sample 26 was previously found to have very little degradation and was
analyzed by transmission electron microscopy with interesting results. These findings were
replicated on two separate occasions using two separate DNA extractions from the same sample.
Figure 12, panel A, shows long double stranded DNA up to 15-20 kb, but some of the DNA also
comprised smaller fragments. In addition (Figure 12, panel B), most of the DNA showed
clustering of material along the length or at ends and were typical of disordered single-stranded
segments. There were also frequent single-stranded gaps and single-stranded ends which were
not observed with the degraded human DNA control sample (Figure 12, panel C). Occasionally,
with the single-stranded ends, a backfolding was observed that is typical for unspecific base
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pairing that can occur in the absence of treatment with formaldehyde glyoxal or elevated
temperatures’®",

The DNA utilized for electron microscopy originated from the same extractions that were
combined and utilized for whole genome nuclear sequencing. High quality DNA is required for
whole genome sequencing so we have no reason to believe that there was degradation or
modification of the DNA pictured in Figure 12, panels A and B that would cause the atypical
appearance of the DNA.
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Figure 12 Transmission electron micrographs of extracted DNA after spreading and
rotary shadowing. The light arrows highlight single-stranded DNA segments residing
within double-stranded DNA and the dark arrow points at a Y-branch.

Next Generation Whole Genome Sequencing

In light of the large number of failures to amplify, failure to meet the human SNP threshold and
unusual sequences obtained, three samples (26, 31 and 140) with large amounts of high quality
DNA were selected for next generation whole genome sequencing. Sample 26 was a tissue
sample purportedly from a Sasquatch. (Figure 13 and Supplementary Data 4). Sample 31 was
collected from a research site using a food trap and forensic techniques to ensure that there was
no human contamination (Figure 14 and Supplementary Data 5). Sample 140 was fresh dried
blood from the inside of a vertical downspout that had been chewed and the individual was
injured by sharp metal (Figure 15 and Supplementary Data 6). The inside of the downspout was
clean and untouched by humans and the blood sample fresh and pristine. Large bite marks, hair,
and fang marks were also evident on the downspout. The pipe was crushed to the point that the
metal was torn with force.
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Figure 13 Sample 26, Tissue with hair, skin, subcutaneous tissues and some muscle.

Figure 14 aple 31, Plate with sandpaper used as a food trap.
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Figure 15 Sample 140, Chewed downspout with blood. (A) Overall view of Downspout.
(B) Blood on the Downspout that was used for whole genome next generation sequencing.
(C) Teeth marks in arched pattern with plaque and tartar residue left on the downspout.

The DNA from these three samples was sequenced using the next generation lllumina platform
at the University of Texas, Southwestern in Dallas, TX, a laboratory that sequences human
genomes’"’. On average, there were 70-110 million total reads for each sample in each lane,
which is well over 90 Gb of raw sequence for each sample comprising greater than 30X
coverage.

The run summary generated by the HiSeq 2000 next generation sequencer provides scores, Q30,
for run quality’®. Q30 can also be used to determine if there was any contamination (or mixture)
found in the samples sequenced. According to Illumina, a pure, single source sample would
have an Q30 score of 80 or greater with an average of 85. However, if there was contamination
present in the sample sequenced, the divergent sequences would compete against one another
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prior to sequencing causing a contaminated sample to have a Q30 score of 40 to 50. The Q30
scores for the three genomes sequenced had Q30 scores of 88.6, 88.4 and 88.7 respectively for
samples 26, 31 and 140. The Q30 is the percent of the reads that have the statistical probability
greater than 1:1000 of being correctly sequenced. Therefore, not only were the sequences from a
single source, but the quality of the sequences were far above the average genome sequenced
using the Illumina next generation sequencing platform. The high quality of the genomes can be
attributed to the stringent extraction procedures utilized whereby the DNA was repeatedly
purified.  This ultra-purified DNA also allowed for greater than 30X coverage of the three
genomes. The summary and of the next generation sequencing generated by the HiSeq 2000
Illumina sequencer is furnished as Supplementary Data 7-10.

In depth analysis of all three genomic sequences (samples 26, 31 and 140) was performed at the
University of Texas, Southwestern and alignment confirmed by the University of North Texas
Health Science Center. Using CLC Bio Genomic Workbench version 5.1, a subsample of
extracted reads were assembled to create a consensus sequence using the human chromosome 11
as a reference. A set of 379 genes was analyzed among three different samples (26, 31, and
140). The coverage of a subset of 159 genes was compared among these samples, and a
consensus sequence was generated.

For each sample, the subsets of genes were concatenated to produce a long, single sequence used
to generate a supertree. The length of the concatenated sequences was 656,048 (26), 541,435
(140), and 74,589 (31). These concatemers (supercontigs) were used to find sequence homologs
and generate phylogenetic trees. The genes represented in the selective supercontig were DLG2,
NTM, ODZz4, FAT3, CADM1, SOX6, DSCAML1, NCAM1, GRM5, MPPED2, PKNOX2,
KIAAQ0999, ZBTB16, and SHANK2. The lengths of the selective supercontigs were 293,249 (26),
235,738 (140), and 39,582 (31). The size-filtering generated supercontigs that only included
genomic regions with long sequences, and created phylogenetic trees similar for all three
samples, where the average branch length to Primates is 0.02 for all three samples. The
Sasquatch consensus-selective supercontigs were used to create a set of phylogeny trees utilizing
BLAST pairwise alignments (Supplementary Figures 4-6).

As shown in Supplementary Figures 4, 5 and 6, the Sasquatch consensus that showed homology
to human chromosome 11 reference sequence is related to primate lineages including Homo
sapiens, Otolemur garnettii, Pan troglodytes (Chimpanzee), Macaca mulatta (Rhesus Monkey),
Nomascus leukogenys (White cheeked Gibbon) and Callithrix jacchus (Common Marmoset) and
other primate species.

Additionally, a phylogenetic tree was constructed using the entire consensus sequences for
Samples 26 and 140 (Figure 16). The lengths for these sequences were 2,726,786 and 2,101,957
bases respectively. Because the global BLASTn demonstrated statistically significant alignment
across the Primate order; a Primate “Drill Down” utilizing BLASTn with inclusive Primate
organism taxids was analyzed. This was intended to focus on the most statistically significant
chromosomal aligned sequences and eliminated less significant mammalian sequences. A
BLAST Tree using the entire 2,726,786 and 2,101,957 bases aligned with human chromosome
11 for Samples 26 and 140 respectively was generated from the next generation sequencing
results”™ ®. Figure 16 suggests that the genomes are closely related and are likely derived from
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the same species. Sample 31 had a shorter aligned sequence so it was not included in Figure 19
to eliminate any potential sequence bias. Nevertheless, Sample 31 shared the same characteristics
including the interspersed human sequence with novel primate sequence and aligned well with
the other two genomes.
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Figure 16 “Drill Down” analysis and resulting supertree of Global BLASTn sequence
alignment results, Samples 26 and 140.

The same analysis method was used in an attempt to confirm homology to the human
mitochondrial genome. The three Sasquatch consensus sequences all showed homology to the
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human mitochondrial genome and were used to create a set of phylogeny trees utilizing BLAST
pairwise alignments (Supplementary Figures 4, 5, and 6). The consensus sequences obtained
from the next generation sequencing were consistent with the mitochondrial sequences generated
for these three samples by Family Tree DNA in the early stages of the study (Supplementary
Figures 1, 2 and 3).

Discussion

During this five year project, DNA was extracted and analyzed from over one hundred samples
of hair, tissue, tree bark shavings, saliva, and blood submitted by a continent-wide team of
dedicated collectors from 14 US states and two Canadian provinces. All of the samples
originated from areas in North America that overlapped with substantial eyewitness reports of an
unknown large bipedal hominin.

Prior to DNA analysis, all samples were screened to eliminate common wildlife species using a
variety of methodologies including microscopic morphological examination and comparison
against a large reference collection of known North American wildlife hair. Further, utilizing
several morphological criteria, unusual characteristics were seen in hair texture, diameter ratios,
medullary structures and cuticle patterns. The purported Sasquatch hairs also demonstrated
elongated hair roots. Taken together, these morphologic differences indicate non-human hair that
is also inconsistent with hair from known wildlife species. Over one hundred specimens survived
this initial screen and were judged sufficiently different from human and wildlife samples to
undergo DNA analysis.

In order to minimize concerns about bias, degraded DNA, operator error, bad reagents or
contamination influencing the data during this study, sample integrity and cleanliness were
prioritized. As a preliminary screen for possible human contamination of samples during the
collection or laboratory analysis phases, control samples obtained from submitters and working
with the collection of field samples were run in parallel. In all cases, as demonstrated by clean
sequences without false heteroplasmic bases denoting mixture or contamination and single
source profiles with the PowerPlex® 16 amplification kit, no evidence was obtained that the
DNA extracted from collectors or scientists or any other secondary source was present as a
contaminant in any of the samples. In the next generation whole genome sequencing, the Q30
scores provided definitive proof that the genomes were derived from single source of DNA, not a
mixture of human DNA contaminated with animal DNA since the Q30 scores vastly decrease if
contamination is present. Furthermore, the Q30 scores also indicated that the genomes were well
above average quality (Supplementary Data 7-10) further eliminating the possibility of
contamination.

Mitochondrial DNA analysis of all samples tested in three independent laboratories
unambiguously confirmed exclusively human haplotypes from several different geographic
areas. Further, Supplementary Figures 1, 2, 3, 7, 8 and 9 show six phylogenetic trees from whole
mitochondrial sequences that clearly show human mitochondrial DNA. The Figures also support
that the mitochondrial genomes derived from the three whole genome samples were consistent
with the previous mitochondrial DNA sequences obtained at the beginning of the study.
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It should be emphasized that there have been attempts by other groups around the world to obtain
mitochondrial DNA sequence from Sasquatch (aka Yeti, Bigfoot) with remarkably consistent
outcomes. Hence, the mitochondrial DNA findings have been unvarying between samples in this
study and between seven different laboratories, four of which were independent of this project
and predated it. Though the mitochondrial data has been consistent between all previous
laboratories and throughout this study, the possibility of a human male/progenitor female mating
cannot be excluded without testing larger numbers of samples.

NY University tested a well-known individual, Zana, and her hybrid son, Khwit, the account of
which was validated with eyewitness reports from Russia where the incident occurred. Both the
“wild man” mother and hybrid son yielded mitochondrial DNA H haplotypes with only 1 base
variant from the human reference sequence®®2. Additionally, preliminary results of one
Siberian sample tested in parallel, but not included in this study yielded a human T2b haplotype.

In a separate study, samples from several individuals were tested at Helix Biological Laboratory,
one of which, Sample 134, is in this study. A scientific paper was written but never submitted in
reference to the human mitochondrial DNA findings. (Supplementary Data 8) The results
obtained from the mitochondrial DNA sequencing of Sample 134 were consistent between the
studies as being human in origin. Other laboratories such as the University of Minnesota tested
Sample 34 as having human mitochondrial results as seen on the television series, Monster
Quest. Sample 37 was tested at New York University, Paleo Labs in Ontario, Canada and three
laboratories in this study. The results obtained from all five laboratories were consistent with 37
having a human H12 haplotype. Nuclear DNA testing of Sample 37 yielded novel sequence in
addition to human sequence suggesting it originated from a novel hominin. Furthermore, testing
confirmed this sample was a female as observed by the field scientists that collected the sample.
A photo of this individual from which the sample was obtained can be seen in Figure 4 and
Supplementary Video 1.

As detailed in the Results and Supplementary Material and Methods sections, novel properties of
nuclear DNA was detected from analysis of Sasquatch nuclear DNA samples; none of these
properties were detected in any of the control samples that were run in parallel.

Off-ladder alleles and allelic dropout were detected during analysis of short tandem repeats
(STRs). The mutations were seen in 16 separate loci when PowerPlex® 16 amplification was
used. X dropout was noted in a significant number of the Sasquatch samples due to novel
sequence in the homologous X region of the Y chromosome at the amelogenin locus. This was
supported by sequencing this region and the associated novel sequences and failures to sequence
at this locus. Novel sequence, failures to sequence and interspersed human sequence was also
observed when amelogenin locus exons 1, 2, 4/5 and 8 were sequenced. The same
amplification/sequencing patterns were observed at the TAP1 locus.

In order to further explore the reasons for the widespread novel amplifications described above,
DNA from Sample 26 was imaged using electron microscopy. Electron micrographs of the DNA
revealed unusual double strand — single strand — double strand transitions which may have
contributed to the failure to amplify during PCR. The high quantities of single stranded DNA,
interspersed with double stranded DNA seen in Figure 12 may suggest substantial structural
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abnormalities of the DNA itself. The DNA was visualized twice by electron microscopy from
aliquots of two different extractions from the same sample 26. Both of these extractions not only
had yielded successful PCR amplifications previously, but were combined and utilized for whole
genome nuclear sequencing at a later time. Alternatively, the abundance of single-stranded loci
observed by EM could be interpreted as high numbers of replication forks or another structurally
altering genomic process involving an increase in helicase activity.

In a further attempt to resolve some of the observed DNA anomalies, next generation whole
genome nuclear sequencing was performed on three samples. Samples 26, 31 and 140 were
selected because of the large quantities of high quality DNA extracted. All three samples were
successfully sequenced and yielded, on average, 70-110 million total reads for each sample in
each lane, indicating well over 90 Gb of raw sequence with coverage greater than 30X. Quality
control indices including Q30 indicated that all three yielded high quality genomic sequence.

Utilizing a human chromosome 11 reference sequence, preliminary Sasquatch concatenated
sequences of 656,048, 541,435 and 74,589 base pairs, were derived from the full genomic
sequence from samples 26, 140 and 31 respectively. These supercontigs were used to find
sequence homologies and to construct an initial set of phylogeny trees (Supplementary Figures 4,
5, and 6). The phylogeny trees clearly indicate relationships with primate sequences, including
lemurs, chimpanzee, macaques, gibbons and marmosets and close relationship with humans.

As detailed in the Results section, the genes represented in the selective supercontig generated
from samples 26, 140 and 31 were all on Chromosome 11 of hg 19. The genes represented on the
selective supercontig were: DLG2, disc large homolog a membrane associated guanylate kinase
family member involved in glucose homeostasis, NTM aka neurotrimin, a gene implicated in
late stage Alzheimer’s discase, ODZ4 a member of the teneurin family of developmental
regulators, FAT3 a Cadherin family member and a putative tumor suppressor, CADML1 a cell
adhesion molecule and another putative tumor suppressor gene, SOX6 an activator of
chondrocyte differentiation, DSCAML1 which is involved in hemophilic cell adhesion and
spacing of neurons in the retina, NCAM1 Neural cell Adhesion molecule, GRM5 A metabotropic
Glutamate Receptor family member, MPPED Metalloproteinase domain containing protein 2
and also a putative tumor suppressor, PKNOX2 PBX/Knotted homebox 2 gene a nuclear
transcription factor implicated in substance abuse and dependence in humans, KIAA0999,
ZBTB16/PLZFa Glucocorticoid response element Zinc finger protein and SHANK2 a scaffolding
protein involved in neural synapses™®. Thus, the selective supercontigs comprised an
abundance of neural associated and putative tumor suppressor sequences all of which are highly
conserved in primates and humans and clearly establish that the Sasquatch is closely related to
humans. The high homology with primate lineages, including but not limited to, as demonstrated
in phylogenetic trees (Supplementary Figures 4, 5, and 6) indicate that the supercontigs contain
highly conserved human and primate gene sequences. Additional studies in the future will
expand to the analysis of the entire genomes from samples 26, 31 and 140.

Additionally, the entire supercontigs for Samples 26 and 140 with lengths of 2,726,786 and
2,101,957 bases respectively were also utilized to make a phylogenetic supertree (Figure 16).
These phylogenetic trees supported the original trees generated by using the selective
supercontigs. Figure 16 supports that both Samples 26 and 140 are the same species. Further
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studies with additional phylogenetic tree analysis will further elaborate the relationship between
Sasquatch and other primate lineages.

Conclusions

In summary, we have extracted, analyzed and sequenced DNA from over one hundred separate
samples of hair, tissue, toenail, bark scrapings, saliva and blood obtained from scores of
collection sites throughout North America. Hair morphology was not consistent with human or
any known wildlife hairs. DNA analysis showed two distinctly different types of results; the
mitochondrial DNA was unambiguously human, while the nuclear DNA was shown to harbor
novel structure and sequence. All known ape and relic hominin species such as Neanderthal and
Denisovan were excluded as being contributors to both the nuclear and mitochondrial sequences.
Analysis of whole genome sequence and analysis of preliminary phylogeny trees from the
Sasquatch indicated that the species possesses a novel mosaic pattern of nuclear DNA
comprising novel sequences that are related to primates interspersed with sequences that are
closely homologous to humans. These data clearly support that these hominins exist as a novel
species of primate. The data further suggests that they are human hybrids originating from
human females. This hybridization can be likened to humans with Denisovan admixture resulting
from Denisovan males mating with human females'®. The same type of mating potentially
occurred with Sasquatch; however, in the case of Sasquatch, the admixture is human. Though
preliminary analysis supports the hybridization hypothesis, alternatively, it could also be
hypothesized that the Sasquatch are human in origin, having been isolated in closed breeding
populations for thousands of years. Nevertheless, the data conclusively proves that the
Sasquatch exist as an extant hominin and are a direct maternal descendent of modern humans.

Future

At this time, analysis of the Sasquatch genomes is still ongoing. Further data will be presented as
it becomes available. Additionally, analysis of hair purportedly from a Siberian Wildman is
being tested in an effort to determine if relatedness exists between the Sasquatch and the Russian
Wildmen. A species name has been applied for with ZooBank, Homo sapiens cognatus,
LSID:40E2FA1F-10A1-4D42-8B02-A007347F1B43
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